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Abstract 

Background: Understanding environmental factors related to adolescents' physical activity can inform intervention 
for obesity control and prevention, but virtually no study has been conducted in the African region, where 
adolescents' physical inactivity and chronic diseases rates are rising. This study assessed associations between 
perceived built environmental variables and adolescents' physical activity (active transportation to school and 
leisure-time moderate-to- vigorous physical activity), and the moderating effects of neighborhood-level income on 
association between environmental variables and physical activity among Nigerian boys and girls. 

Methods: Participants were 1006 adolescents (12-19 years, 50.4% girls) randomly selected from 1 1 secondary 
schools in Maiduguri city, Nigeria. Physical activity and perceptions of environmental characteristics were assessed 
by validated self-report questionnaires. Separate gender-based, hierarchical multiple moderated linear regression 
analyses were used to examine the direct associations between the environmental perceptions and physical activity 
variables (active transportation and leisure-time MVPA; dependent variables), as well as the moderating effects of 
neighborhood-level income. 

Results: Only in boys were direct associations and interaction effect of neighborhood-level income found. Access to 
destinations was positively associated with active transportation to school ((3 = 0.1 8; CI = 0.67, 2.24); while residential 
density ((3 = 0.10; CI = 0.01, 1.74) and availability/quality of infrastructures ((3 = 0.14; CI = 0.49, 2.68) were positively 
associated with leisure-time MVPA. Also, neighborhood-level income moderated the association between perceived 
safety and leisure-time MVPA, with more perceived safety related to less MVPA ((3 = -0.1 6; CI = -0.01 , -0.70) in boys 
living in high SES neighborhood but marginally related to more MVPA ((3 = 0.1 1; CI = -0.04, 2.88, p = 0.06) in boys living 
in low SES neighborhood. 

Conclusions: Few environmental attributes were associated with adolescents' physical activity in Nigeria. Future studies 
are needed to determine the multidimensional correlates of physical activity that may be relevant for both adolescents' 
boys and girls in Nigeria. 
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Background 

Regular participation in physical activity in youth has 
been associated with numerous health benefits [1-3], but 
adolescence is a period characterized by a steep decline 
in physical activity levels. The decline in adolescents' 
physical activity is more pronounced in older (15-18 
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years) than younger (12-14 years) adolescents [4-6], in 
girls than boys [7,8] and in black girls than white girls 
[5,9]. Also in developing countries, reduced physical ac- 
tivity in adolescents is rapidly becoming common, with 
physical inactivity prevalence reported to be between 
65% and 92% in most African countries [9]. In Nigeria, 
more than half of school-going adolescents reported low 
levels of physical activity [10], with attendant rise in the 
prevalence of overweight (13.8%) and obesity (9.4%) in 
this age group [11]. It is important to develop effective 
interventions for the promotion of adolescents' physical 
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activity in order to prevent and control obesity before it 
becomes widespread in this age group in Nigeria. How- 
ever, in order to be effective, interventions should be 
evidence-based and have potential to reach large number 
of people [12,13]. 

World-wide, environmental and policy interventions 
have been recommended for promoting physical activity 
because they can influence large groups and bring about 
population-wide changes [14]. Ecological models of health 
behaviors, that emphasize the importance of multiple 
levels of influence to explain health behaviors including 
physical activity [13], are the most commonly used theor- 
etical framework for understanding such interventions. 
Within this context, numerous studies have consistently 
linked the built environments to physical activity, and 
robust evidence on the relevance of built environmental 
attributes to physical activity behaviors of adults has 
emerged [15-19]. However, compared to studies in adults, 
less research on the relationship of the built environment 
with physical activity has been conducted among young 
people, so evidence is still less developed [20-22]. 

Until now, mixed results have been reported on the 
associations of numerous environmental attributes with 
physical activity in adolescents [4,20-24]. A review study 
that examined four neighborhood environmental factors 
(access to facilities, availability of facilities, availability of 
equipment, crime incidence), found availability and ac- 
cess to facilities and equipment to be consistently unre- 
lated to physical activity of adolescents [20]. Objective 
crime incidence was inversely associated with adoles- 
cents' physical activity in two out of available three studies, 
but perceived neighborhood safety levels were not associ- 
ated with adolescents' physical activity in these studies 
[20]. In a more recent review, only in 19% of 107 studies 
that investigated objective built environmental correlates 
of physical activity of adolescents consistent positive asso- 
ciations were found, with the most consistently supported 
environmental correlates being mixed land use and resi- 
dential density [21]. Other objective environmental attri- 
butes like access to parks, recreation facilities and street 
connectivity were inconsistently related with adolescents' 
physical activity and no perceived environmental attri- 
butes showed a consistent association with both objective 
and self- reported physical activity [21]. 

Many of the studies on environmental correlates of ado- 
lescents' physical activity have been conducted in Western 
high income countries, especially in North America [25-27], 
Europe [8,24,28,29] and Australia [30-32]. Because develop- 
ing countries in Africa have specific built environmental fea- 
tures that include diverse terrains, land use, infrastructures, 
transportation and road designs, and cultural characteristics 
that may be different from those in Western developed 
countries, further studies to understand perceived and ob- 
jective environmental attributes and their associations with 



adolescents' physical activity using culturally adapted mea- 
sures are necessary in Africa. Though cultural adaptation 
of built environmental surveys to Africa is essential, there 
is important value in retaining items and constructs that 
will allow for international comparisons of findings [33]. 
To date, only in adults studies have been conducted on 
built environment and physical activity relationships in 
Africa, and evidence is emerging that favorable perceptions 
of environmental attributes like increased land used mix, 
good aesthetics and improved hygienic qualities of neigh- 
borhoods and safety from crime and traffic are important 
for promoting physical activity in Nigerian adults [34-36]. 

However, evidence from studies conducted in adults 
may not directly be applicable to adolescents because dif- 
ferences exist in the behaviors and needs of adults and ad- 
olescents. Adolescents unlike adults are less independent 
in their behaviors, and could be more influenced by the 
environments around home and schools [31,37]. Because 
the decision of adults on the health seeking behaviors and 
needs of adolescents may not necessarily reflect the choice 
of the adolescents, it could be important to independendy 
understand the associations of environmental attributes 
with physical activity behaviors of adolescents in African 
countries. Moreover, discerning the perceptions of adoles- 
cents in Africa about environmental factors that can influ- 
ence physical activity could enhance targeted and age 
specific interventions, aiming to tackle the decline in phys- 
ical activity during adolescence. 

Given that the association between neighborhood envir- 
onmental variables and physical activity in adolescents has 
been found to differ by gender [8,38], and to be consist- 
ently moderated by neighborhood income [27-29], it is 
also important to explore subgroup-specific patterns of as- 
sociations in studies of environmental correlates of phys- 
ical activity among African adolescents. Until now, no 
evidence exists among African adolescents, but import- 
antly, patterns of associations of built environmental attri- 
butes with physical activity and body weight status were 
consistently found to be different between African adult 
men and women [34,35], and between those who reside in 
low and high socioeconomic status (SES) neighborhoods 
[39], suggesting that environmental interventions for 
physical activity promotion in Africa may be gender and 
neighborhood-income level specific. Since relatively few 
studies of environmental correlates of physical activity in 
adolescents have explored the moderating influence of 
neighborhood-level income or gender on outcomes, in- 
sights into how neighborhood income interacts with the 
associations between built environment and physical activ- 
ity of male and female adolescents in African countries 
could contribute to international evidence base and in- 
form local policy on the relevance of gender and area-level 
income specific interventions for promoting physical ac- 
tivity in the Africa region. 
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Because built environment characteristics are expected 
to be strongly related to specific physical activity types (e.g. 
active transportation or leisure-time physical activity) ra- 
ther than overall physical activity [12,40], it is important to 
separately examine the associations between environmen- 
tal variables and different domains of adolescents' physical 
activity. Active transportation and active recreation or 
sports are two particular and common physical activity be- 
haviors of adolescents that take place in the neighborhood 
[9,24,28], so these behaviors are particularly important to 
examine in relation with neighborhood physical environ- 
mental attributes [22,41,42]. The aims of the present study 
were to investigate if perceived neighborhood environmen- 
tal variables were related to active transportation to school 
and leisure-time (active sports) physical activity among 
adolescent boys and girls attending secondary schools in 
Nigeria, and to investigate whether the association between 
environmental variables and physical activity is moderated 
by neighborhood-level income among boys and girls. 

Methods 

Eleven secondary schools comprising 5 private and 6 pub- 
lic secondary schools in Maiduguri Metropolitan Council 
areas were selected to reflect the school types in Nigeria. 
Maiduguri is the capital and largest city of Borno State 
in North Eastern Nigeria, with an area of 72.6 km 2 and a 
population of about 76,600 inhabitants [43]. Partici- 
pants were selected using a multistage sampling tech- 
nique. Initially, each of the available 87 secondary schools 
in Maiduguri Metropolitan Council were divided into high- 
income (47 schools) and low-income (40 schools) based 
on area level socioeconomic status (SES) of their location 
[43,44], and subsequently stratified by school types (public 
and private schools). To ensure equal distribution of school 
types in each SES location, 3 of the 36 available private sec- 
ondary schools and 2 of the 11 available public secondary 
schools were randomly selected in the high-income areas. 
In the low-income areas, 2 private and 4 public secondary 
schools were randomly selected from the 19 available 
private and 21 available public secondary schools respect- 
ively. All the selected schools agreed to participate in 
the study. The list of secondary schools in Borno Central 
Senatorial District accessed from the Ministry of Educa- 
tion in Maiduguri was used to identify and stratify second- 
ary schools into area level income and to construct the 
sampling frame for random selection of school types. 

In the second stage of sampling, one or two classes of 
about 45 students were randomly selected (lottery method) 
each from the second to the sixth grade in the 11 selected 
secondary schools. Thereafter, 20 students were randomly 
recruited through ballot from each of the selected classes. 
All students whose names were found in the class attend- 
ance register and aged between 12 and 19 years were eli- 
gible to be selected and participate in the survey. The first 



grade of secondary school was not included for participants' 
recruitment because students in this class may be younger 
than 12 years. All participants as well as their parents pro- 
vided informed consent and approval was obtained from 
the management of each of the schools before data collec- 
tion. The study protocol was approved by the Human Re- 
search Ethics Committee of the University of Maiduguri 
Teaching Hospital, Nigeria. 

In the selected schools, the potential sample consisted 
of 3150 students, based on one or two classes per grade 
(2 nd -6 th ) from each of the eleven schools (70 classes in 
total). In total, 1400 participants (20 students per class) 
were selected for the study; 1006 participants returned 
complete and usable surveys, resulting in a response rate of 
71.8%. From the selected participants (1400), students who 
were unwilling or not authorized by their parents to partici- 
pate (n = 219), were outside the age of 12-19 years (n = 86) 
or had a disability that prevented independent ambulation 
(n = 16) were excluded from the study. Seventy three partic- 
ipants did not provide valid data (missing data) on physical 
activity and built environment variables. No inducement 
was provided but the students were informed verbally after 
recruitment and in the cover letter sent to the parents that 
their responses may assist researchers and Government to 
identify possible environmental factors that could enhance 
physical activity behaviors of adolescents in the neighbor- 
hoods. Data collection was conducted by a trained team 
and supervised by the principal investigator. Questionnaires 
were filled out anonymously by the adolescents themselves, 
while in the classroom, according to the instructions pro- 
vided by the supervisor assigned to each of the class room. 
The survey commenced simultaneously in all the participat- 
ing classes in a given school. Participants were asked to 
drop their questionnaires in an envelope placed in front of 
the class on completion, and subsequently questionnaires 
were collected by the trained supervisor in the class. Data 
were collected between February and May, 2011. 

Measures 

Physical activity 

The Activity Questionnaire for Adolescents and Young 
Adults (AQuAA) was used to assess participants' self- 
reported active transportation to school and leisure-time 
moderate-to-vigorous physical activity (MVPA) (sports par- 
ticipation). The AQuAA assesses the frequency (days/week) 
and duration (min/day) of these physical activity types dur- 
ing the last 7 days. The reliability (ICC = 0.44- 0.59) and 
validity (rho = 0.05- 0.23) of AQuAA are fair to moderate 
[45,46], and are comparable to those of other adolescents 
self-report physical activity questionnaires [47-49]. In a sub- 
sample of our participants (n = 56) that were invited to 
complete a two-week test-retest reliability of the AQuAA, 
intraclass correlation coefficients of the subscales ranged 
between ICC = 0.38 and 0.71. 



Oyeyemi et at. International Journal of Behavioral Nutrition and Physical Activity 201 4, 11 :56 
http://www.ijbnpa.Org/content/1 1/1/56 



Page 4 of 10 



Environmental perceptions 

An adapted version of the Physical Activity Neighborhood 
Environment Scale (PANES) was used to assess partici- 
pants' perceptions of neighborhood environmental fac- 
tors [50]. A detailed description of the adaptation of the 
Nigerian version of PANES (PANES -N) has been pub- 
lished [51]. Briefly, the adaptation of PANES for use in 
Nigeria was undertaken in four phases: revisions by local 
experts, discussion with international expert, cognitive 
testing and psychometric evaluations. First, the original 
PANES was reviewed by eleven experts in Nigeria for 
adaptation, followed by another revision and subsequent 
discussion with an international expert who was part of 
the development of the scale. Next, a cognitive response 
test was implemented to check the clarity and relevance of 
PANES' questions in a small sample of volunteers from dif- 
ferent socioeconomic backgrounds. A psychometric study 
was then conducted in a larger sample to assess the reliabil- 
ity and validity of the modified questionnaire. Neighbor- 
hood environmental constructs assessed by the adapted 
PANES-N included (1) residential density (one question), 
(2) access to destinations (three questions), (3) connectivity 
of the street network (one question), (4) infrastructures for 
physical activity and walking (three questions), (5) social en- 
vironment (one question), (6) aesthetics (three questions), 
and (7) neighborhood safety (four questions). With the ex- 
ception of residential density, all items were phrased as 
statements about attributes of the neighborhood, with the 
following response options (four-point scale): strongly dis- 
agree, somewhat disagree, somewhat agree, strongly agree. 

Response options for the residential density question 
ranged from single- family detached homes to 13-story or 
higher apartments (more than 13 apartment/rooms for 
multiple families). In order to create a summary scale for 
each of the seven constructs, mean scores were computed 
for each of the four constructs (scales) with more than 
one variable (question) and all responses were treated as 
continuous variables. The PANES-N has good reliability 
(ICC = 0.62-1.00), and its construct validity was supported 
by the ability of all it items (only 7 items were significant) 
to discriminate between environmental features from two 
neighborhood types selected to be environmentally differ- 
ent [51]. The PANES has also been used previously to 
evaluate neighborhood environment perceptions in relation 
to physical activity among adolescents and showed to have 
good evidence of test-retest reliability in this age group 
[8,52]. A neighbourhood in the PANES was defined as all 
the area approximately one kilometer or that could be 
walked to in 10-15 minutes from the participants' home. 

Sociodemographic characteristics 

A short sociodemographic form was used to obtain in- 
formation on age, gender, house location, grade of study 
and parental educational and occupation level (parents' 



SES). Information on house location was used to determine 
the area level SES (neighborhood income) of each partici- 
pant's neighborhood, classified as either low-income or 
high-income neighborhood [43,44]. Information on parents 
SES (education and occupation) was used to compute par- 
ticipants' individual level SES [53]. Parental educational 
status were classified (0-3) as no education, primary edu- 
cation, secondary education and tertiary education, for 
both father and mother. Responses to questions on paren- 
tal occupational status were coded (0-3) into unemployed, 
retired/not working, blue collar job and white collar job, 
for both father and mother. Parental SES was computed 
by summing the scores for parental education and occupa- 
tion to produce a composite scale (0-16) which was fur- 
ther categorized into three groups as low (0-7), middle 
(8-10) and high (11-16) parental SES [53]. 

Data analyses 

All analyses were conducted in SPSS 19.0 for Windows. 
Because the physical activity variables (min/week of active 
transportation to school and min/week of leisure-time 
MVPA) were positively skewed, the square root of the ori- 
ginal variables was used in the analyses to improve normal- 
ity. Raw data were used to calculate the descriptive 
statistics, shown in Table 1. Hierarchical multiple moder- 
ated linear regression analyses were conducted to examine 
the direct associations between the environmental percep- 
tions (seven scales; independent variables) and the different 
physical activity variables (active transportation and leisure- 
time MVPA; dependent variables), as well as the moderat- 
ing effects of neighborhood-level income (high = 1 versus 
low = 2). All analyses were stratified by gender. Before con- 
ducting the analyses, multicollinearity between the inde- 
pendent variables was tested with Pearson correlations. 
When the correlation coefficient was >0.60, only the pre- 
dictor with the strongest correlation with the dependent 
variable was included in the regression model. Individual- 
level SES, neighborhood-level income and participants' age 
and grades of study were always entered as a first block in 
the regression models in order to control for possible con- 
founding effects. The perceived environmental variables 
(seven scales) were added as a second block. The cross- 
product terms of neighborhood-level income x perceived 
environmental variables (seven cross-products in total) 
were entered as a third block to examine the potential 
moderating effects of neighborhood-level income. In case 
of significant interactions, separate models were run to in- 
terpret the direction of the interactions. For all analyses, 
statistical significance was set at 0.05. 

Results 

Descriptive characteristics of the study sample 

The final sample comprised of 1006 adolescents (mean 
age = 15.6 ± 1.72 years; 50.4% female). The majority of 
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Table 1 Descriptive characteristics, physical activity levels and body mass index of participants 

Total sample (N = 1006) Female (n = 507) Male (n = 499) p-value* 

Descriptive characteristics 

Age (years) Mean (±SD) 15.6 ±1.7 15.1 ±1.5 16.1 ±1.8 <0.001* 

Tribe/ethnicity (n, %) 0.200 

Igbo 91 (9.0) 54 (10.7) 37 (7.4) 

Hausa/Fulani 131(13.0) 58(114) 73(14.6) 

Yoruba 54 (5.4) 30 (5.9) 24 (4.8) 

Kanuri 250 (25.0) 121(23.9) 130 (26.1) 

Others 479(47.6) 244(48.1) 235(47.1) 

Grade (n, %) <0.001* 

JSStwo 255 (25.3) 126 (24.9) 129 (25.9) 

JSS three 302 (30.0) 201(39.6) 101(20.2) 

SSSone 133 (13.3) 80(15.8) 54 (10.8) 

SSStwo 191(19.0) 54 (10.7) 137 (27.5) 

SSS three 124 (12.3) 46 (9.1) 78 (15.6) 

Parents' SES (n, %) 0.065 

LowSES 419 (41.7) 193 (38.1) 226 (45.3) 

MiddleSES 311(31.1) 166 (32.7) 147 (29.5) 

High SES 274(27.4) 148(292) 126(25.3) 

Neighborhood SES (n, %) 0.036* 

Low SES 703 (69.9) 339 (66.9) 364 (72.9) 

High SES 303 (30.1) 168 (33.1) 135 (27.1) 

Physical activity and body mass index 

Active transport 

to school (min/wk), 61.9+1 10.4 5 1.4 ±84.8 72.5 ±130.6 0.002* 
Mean (±SD) 

Leisure MVPA (min/wk), 280.0 ± 350.3 1 53.9 ± 258.8 408.2 ± 383.3 <0.001 * 

Mean (±SD) 

f Values based on independent t-tests statistics for continuous variables and chi-Square Statistics for categorical variables; "Significant difference between 
samples (p < 0.05). 

JSS- Junior Secondary School; SSS- Senior Secondary School; BMI- Body Mass Index; 
SES- Socioeconomic status; MVPA- Moderate-to-vigorous physical activity. 



the adolescents lived in low-income neighborhoods 
(69.9%), were in the Junior secondary school grades (2 nd 
and 3 rd grades; 55.3%), did not belong to the major eth- 
nic groups (47.6%) and reported lower parental SES 
(41.7%). On average, the participants reported 61.9 min/ 
wk of active transportation and 280 min/wk of leisure 
time MVPA, but boys were more physically active than 
girls in both active transportation (72.5 min/wk vs 
51.4 min/wk) and leisure time MVPA (408.2 min/wk vs 
153.9 min/wk) (Table 1). 

Environmental correlates of physical activity and 
moderating effects of neighborhood-level income: 
results in girls 

Before conducting the analyses, multicollinearity between 
the environmental perceptions was tested. None of the 



correlation coefficients exceeded r = 0.60 (highest r = 0.24), 
so all environmental perceptions were included in the re- 
gression models. 

Neighborhood-level income did not moderate any of the 
associations of the environmental perceptions with active 
transportation to school and leisure-time MVPA. Further- 
more, none of the environmental perceptions were dir- 
ectly associated with active transportation to school and 
leisure-time MVPA in girls (Table 2). 

Environmental correlates of physical activity and 
moderating effects of neighborhood-level income: 
results in boys 

Before conducting the analyses, multicollinearity be- 
tween the environmental perceptions was tested. None 
of the correlation coefficients exceeded r = 0.60 (highest 
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Table 2 Associations between environmental perceptions 
and physical activity in girls (n = 507) 
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Access to destinations 
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Social environment 


0.-1 1 
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Residential density 
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-0.24, 0.72 


0.98 


0.33 


Access to destinations 


-0.04 


-0.89, 0.37 


-0.80 


0.43 


Street connectivity 


0.06 


-0.14, 0.69 


1.29 


0.20 
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-0.01 


-0.63, 0.50 


-0.22 


0.82 


Infrastructure 


-0.04 


-0.80, 0.29 


-0.93 


0.35 


Aesthetics 


-0.05 


-0.90, 0.29 


-1.02 


0.31 


Safety 


-0.05 


-0.99, 0.30 


-1.09 


0.28 
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-0.04 


-1.93, 1.60 


-0.16 


0.86 


Access to destinations 


0.32 


-0.31, 4.27 


1.70 


0.09 
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0.32 


-0.40, 2.59 


1.44 


0.15 


Social environment 


-0.10 


-2.31, 1.73 


-0.29 


0.78 
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0.24 


-0.10, 3.02 


0.10 


0.32 
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-1.89, 2.52 


0.28 


0.78 
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0.18 


-1.46, 3.42 


0.79 
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Residential density 


0.02 


-0.66, 1 .00 


0.41 


0.69 


Access to destinations 


0.05 


-0.54, 1 .63 


0.98 


0.33 


Street connectivity 


-0.08 


-1.28, 0.15 


-1.56 


0.12 


Social environment 


0.02 


-0.79, 1.17 


0.38 


0.70 


Infrastructure 


0.06 


-0.37, 1 .49 


1.18 


0.24 


Aesthetics 


-0.00 


-1.05, 0.99 


-0.06 


0.95 


Safety 


0.04 


-0.71, 1.51 


0.71 


0.48 



MVPA = moderate-to-vigorous physical activity. 

Note: the regression model was controlled for individual-level SES, neighbour- 
hood level SES, age and grades of study. 



r = 0.27), so all environmental perceptions were included 
in the regression models. 

Neighborhood-level income moderated the associ- 
ation between perceived safety and leisure-time MVPA 
(P = 0.60; CI = 0.63, 6.32). Post hoc analyses showed that 
in boys living in high-income neighborhoods, more 



perceived safety was associated with less leisure-time 
MVPA (P = -0.16; CI = -0.01, -0.70, p = 0.05), while in 
boys living in low-income neighborhoods, more per- 
ceived safety was marginally associated with more 
leisure-time MVPA (|3 = 0.11; CI = -0.04, 2.88, p = 0.06) 
(Not shown in table). Next to this moderating effect, 
some direct associations were found: access to destina- 
tions was positively associated with active transporta- 
tion to school ([3 = 0.18; CI = 0.67, 2.24); residential 
density (|3 = 0.10; CI = 0.01, 1.74) and availability of in- 
frastructures (|3 = 0.14; CI = 0.49, 2.68) were positively 
related to leisure-time MVPA (Table 3). 

Discussion 

This study investigated the associations between neighbor- 
hood environmental variables and physical activity in a 
sample of Nigerian adolescents. The main finding was that 
three of the seven environmental attributes included in 
the study (access to destinations, residential density and 
availability of infrastructures) were positively associated 
with either leisure-time MVPA or active transportation to 
school only in boys, and none of the environmental attri- 
butes were related to either leisure time MVPA or active 
transportation to school in girls. Neighborhood level in- 
come only moderated the association between perceived 
safety and leisure-time MVPA in boys; no moderating ef- 
fect of neighborhood income was found for any of the as- 
sociations between environmental variables and physical 
activity outcomes in girls. 

Based on these findings it can be assumed that the main 
conclusions from adults' studies in Nigeria may not be ex- 
tended to Nigerian adolescents. Favorable perceptions of 
environmental attributes including high land use mix, good 
aesthetics, improved neighborhood hygiene and safety form 
crime and traffic are important environmental attributes 
that have been consistently linked with higher levels of 
physical activity in both Nigerian men and women [34-36]. 
Since mixed and non-comparable results between studies 
of adolescents and adults have also been found in Western 
high-income countries [8,20,21,27,28], it could be that 
worldwide, both in developed and in developing regions, 
environmental correlates of physical activity in adolescents 
are potentially different from those of adults. 

Because environmental concepts that have been used to 
define physical activity of adults have commonly been used 
in studies of adolescents, resulting in inconsistent results, it 
is possible that these constructs are not very relevant to ex- 
plain adolescents' physical activity. The needs to identify 
specific environmental attributes and to create a unique 
"activability" index representing those environmental attri- 
butes that might enhance the ability of adolescents to be 
active in the neighborhood were recently emphasized [28]. 
Based on the present results across countries, it seems that 
different environmental characteristics are important in 
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Table 3 Associations between environmental perceptions 



and physical activity in boys (n = 499) 




P 


95% C.I for B 


t 


P 


Active transportation to school 












Interaction effects 












Neighborhood income* 












Residential density 


-0.26 


-1.95, 


0.47 


-1.21 


0.23 


Access to destinations 


0.11 


-1.50, 


2.37 


0.44 


0.66 


Street connectivity 


-0.35 


-2.09, 


0.32 


-1.44 


0.15 


Social environment 


-0.12 


-1.82, 


1.16 


-0.44 


0.66 


Infrastructure 


0.30 


-0.69, 


2.55 


1.12 


0.26 


Aesthetics 


-0.21 


-2.44, 


1.02 


-0.80 


0.42 


Safety 


-0.06 


-1.99, 


1.56 


-1.37 


0.81 


Main effects 












Residential density 


-0.02 


-0.64, 


0.45 


-0.35 


0.73 


Access to destinations 


0.18 


0.67, 


2.24 


3.65 


0.001 


Street connectivity 


0.00 


-0.52, 


0.49 


-0.05 


0.96 


Social environment 


-0.02 


-0.71, 


0.51 


-0.32 


0.75 


Infrastructure 


0.01 


-0.60, 


0.76 


0.24 


0.81 


Aesthetics 


0.00 


-0.72, 


0.77 


0.07 


0.95 


Safety 


0.04 


-0.49, 


1.09 


0.74 


0.46 


Leisure-time MVPA (sports) 












Interaction effects 












Neighborhood income* 












Residential density 


-0.17 


-2.73, 


1.14 


-0.79 


0.43 


Access to destinations 


-0.25 


-4.68, 


1.54 


-1.19 


0.24 


Street connectivity 


-0.27 


-3.04, 


0.82 


-1.04 


0.30 


Social environment 


0.13 


-1.79, 


2.97 


0.50 


0.62 


Infrastructure 


0.29 


-1.13, 


4.07 


1.03 


0.31 


Aesthetics 


-0.02 


-3.19, 


2.35 


-0.03 


0.98 


Safety 


0.60 


0.63, 


6.32 


2.64 


0.01 


Main effects 












Residential density 


0.10 


0.01, 


1.74 


2.03 


0.05 


Access to destinations 


0.03 


-0.91, 


1.61 


0.55 


0.58 


Street connectivity 


-0.02 


-0.99, 


0.66 


-0.39 


0.69 


Social environment 


0.06 


-0.32, 


1.64 


1.33 


0.18 


Infrastructure 


0.14 


0.49, 


2.68 


2.84 


0.01 


Aesthetics 


0.06 


-0.46, 


1.94 


1.21 


0.23 



MVPA = moderate-to-vigorous physical activity. 

Note: the regression model was controlled for individual-level SES, neighbour- 
hood level SES, age and grades of study. 



adolescents, compared with adults. However, it is possible 
that for adolescents, the perceptions that parents have of 
the environment might be more important to explain ado- 
lescents' physical activity levels than the perceptions the ad- 
olescents have themselves. It seems that in this age group, a 
lot of the decisions are still taken by the parents, so this 
could be important to include in future research. Also, the 



influence of the physical environment on physical activity 
levels of adolescents might not be direct and could be 
mediated by other levels of control including psychosocial 
factors (e.g., self-efficacy, social support and perceived 
benefits and barriers) [29,54,55]. Thus, exploring the 
moderating influence of psychosocial factors on built 
environment- physical activity associations in adoles- 
cents could be an important research direction in the 
African region. 

It is worthy to note that the only significant environ- 
mental correlate of active transportation to school in our 
study was access to destinations and this was only im- 
portant for boys. Given that the time spent in active 
transportation by the participants was comparatively 
lower overall (61.9 min/wk) but significantly higher 
among boys than girls, it could be that boys rather than 
girls in Nigeria engage in more active transportation to 
school when they perceive commonly used destinations 
(schools, shops to buy things, and bus stops) to be ac- 
cessible and within easy walking distance from home in 
their neighborhood. The presence of facilities such as 
schools, shopping centers, gyms and clubs near adoles- 
cents' home have previously been hypothesized to stimu- 
late walking and cycling as forms of travels among 
Brazilian male adolescents [38]. Shorter distance (prox- 
imity) to school was also an important correlate of active 
transportation to and from schools among Belgian ado- 
lescents [41,55]. However, active transportation among 
adolescents have also been related with other proximal 
destinations and facilities (stores, shopping centers, li- 
braries) near adolescents' homes [38,54], and could be 
done within the context of leisure and domestic activ- 
ities rather than to school alone. Thus, it would also be 
important for future studies in the African region to 
clarify the potential effect of locating multiple desti- 
nations and facilities near adolescents' home on active 
transportation of adolescents for different purposes. 

The two significant correlates of leisure-time MVPA 
in male adolescents in this study were residential dens- 
ity and availability of infrastructures. These results con- 
firm the findings of other studies that show significant 
positive associations between adolescents MVPA and resi- 
dential density [21] and availability of infrastructures/facil- 
ities [30,52,56-58]. However, other studies have also failed 
to detect significant associations between such variables 
[8,28,38,54,59]. While the current evidence on associations 
of environmental variables with adolescents' leisure-time 
MVPA remains inconsistent world-wide, the positive asso- 
ciation found in the present study is promising, as inter- 
ventions focusing on the physical environment might be 
effective for the specific population of Nigerian boys. 

Generally, preferences for physical activity behaviors 
between boys and girls have been reported to be differ- 
ent [60], but the lack of association found between 
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environmental variables and physical activity in girls in 
our study could be a reflection of the limited opportunities 
available for girls to use the environment for physical ac- 
tivity in Nigeria. Within the African cultural milieu, girls 
might be more restricted than boys in their choice of using 
the environment for physical activity participation because 
of the pervasive societal gender-construed expectations 
that often limit their social and behavioral expressions, or 
parental rules and concerns for safety. Thus, it is possible 
for girls in our study not to perceive their neighborhood 
as an important outlet for physical activity behavior. How- 
ever, given that this is the first study in Nigeria to systemat- 
ically explore differences between boys and girls in relation 
to built environmental correlates of physical activity, and 
that only few studies have generally been conducted in this 
context [8,38], it may be early at this stage of research to 
speculate that environmental factors are not relevant for 
promoting physical activity among Nigerian girls. It is pos- 
sible that other factors, like psychosocial factors that were 
not assessed in the present study, are relevant for girls. 

An important finding was that neighborhood-level in- 
come moderated the association between perceived safety 
and leisure-time MVPA in boys, with safety negatively asso- 
ciated with leisure-time MVPA among boys living in high- 
income neighborhood but positively associated among boys 
in low-income neighborhoods. It is possible that physically 
active boys in high income neighborhood in Nigeria are 
more 'demanding' about what is safe for them thereby per- 
ceiving their neighborhood as less safe for sports related ac- 
tivities, while those not physically active and not coming 
out of their homes for sporting activities perceive their 
neighborhood as save since they are never confronted with 
unsafe situations. Notably, this finding on interaction effects 
suggests that neighborhood-level income may influence the 
direction of the association between specific environmental 
attributes and adolescents' physical activity. This assump- 
tion supports the conclusions of two other studies that have 
investigated the interactions of neighborhood income 
on the association between environmental attributes 
and physical activity in adolescents [27,28]. While in the 
United States neighborhood walkability was only posi- 
tively related to physical activity of adolescents in high- 
income neighborhoods [27], Belgian results showed 
only a positive association in low-income neighbour- 
hoods [28]. In Nigeria, safety has consistently been as- 
sociated with physical activity and body weight status of 
Nigerian adults [34-36], and the present finding further 
supports the conclusion that safety could be an important 
environmental correlate, mainly in low-income neighbor- 
hoods, exerting stronger influence on health enhancing 
physical activity in Nigeria than in other countries from 
the developed nations. Objective crime problems seem to 
be more dominant in Nigeria with potential consequences 
for health and well-being of people in this country. 



Because the socioeconomic reality of a neighborhood 
may diminish or reinforce the impact of resources of- 
fered in the neighborhood [61], it appears that the de- 
velopment of public health interventions that focus on 
neighborhood crime safety could be an important strat- 
egy for promoting physical activity in both Nigerian 
adults and adolescents (boys). 

The results of the present study need to be interpreted in 
the light of some important limitations. First, the use of 
cross-sectional data makes it difficult to draw any conclu- 
sions on the causality of the associations found. Second, 
the use of self-reported measures of both physical activity 
and perception of the environment might have introduced 
some measurement errors and self-report bias. Third, 
neighborhoods were defined as the areas around the par- 
ticipants' homes based on time and distance but recruit- 
ment was done in participants' schools. This definition of 
neighborhood that combines distance and travel time and 
un-buffered by boundaries may not be compatible with 
participants' own definitions [62], and could have intro- 
duced artificial neighborhoods for participants whose 
schools were located outside the definition imposed for the 
study. Fourth, studying environmental correlates of phys- 
ical activity among school going adolescents in Nigeria 
may produce a sample of adolescents that are high in SES 
(education) and this may not generalize to the general ado- 
lescents' population in Nigeria. Current estimates indicate 
that Nigeria has a population of 53.5 million young people 
aged 10-24 years, the highest in the African region, but 
only 44% (41% female; 47% male) of this population are en- 
rolled in secondary school [63]. Fifth, the clustered nature 
of the data presented in this study was not accounted for 
during data analysis. Ignoring the presence of clustering is 
a serious issue that compromises the analytical quality and 
robustness of outcomes in built environment studies 
[64]. We regret that this clustering variable was not 
available in our datafiles. It is important that future 
studies in the African region should evaluate the rela- 
tionships between environmental variables and physical 
activity using an analytical approach that takes cluster- 
ing effects into consideration. The strengths of this 
study include the examination of gender-specific associ- 
ations using valid and established scales. The large rep- 
resentative sample of secondary school students could 
enhance the generalization of results to this population. 
The focus on an African population is important and 
unique given the rising prevalence of adolescents' obes- 
ity in this region and the predominance of data from 
Western high income countries. Identifying important 
environmental constructs for adolescents' physical ac- 
tivity in the African region would not only help explain 
differences between adults and adolescents studies but 
could also enhance robust and age-specific evidence ac- 
quisition necessary to develop effective interventions. 
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In conclusion, we found that a limited number of 
environmental attributes were associated with adoles- 
cents' physical activity in Nigeria, with only three out of 
seven environmental characteristics being associated 
with physical activity in boys only. Only one interaction 
effect of neighborhood income was found, with percep- 
tions of safety being positively associated with physical 
activity among adolescents in low-income neighborhoods, 
suggesting that the physical environment across high and 
low income neighborhoods may not be strongly related 
to physical activity in Nigerian adolescents. However, the 
present study underscores the need for future research 
assessing the multidimensional correlates of adolescents' 
physical activity, like psychosocial factors (e.g., self-efficacy, 
social support and perceived benefits and barriers), that 
may be important to explain physical activity of adoles- 
cents before conclusions can be made on the relevance of 
designing built environmental intervention for this age 
group in Nigeria. 
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